Abstract: Near miss-based analysis has been recently suggested to be more important in the medical field than focusing on adverse events, as in the industrial field. To validate the utility of near miss-based analysis in the medical fields, we investigated whether or not predictors of near misses and adverse events were similar among nurses at teaching hospitals. Of the 1,860 nurses approached, 1,737 (93.4%) were included in the final analysis. Potential predictors provided for analysis included gender, age, years of nursing experience, frequency of alcohol consumption, work place, ward rotation, frequency of night shifts, sleepiness during work, frequency of feeling unskilled, nurses' job stressors, working conditions, and depression. Variables for multivariate analysis were determined by bivariable analysis. Ordinal logistic analysis showed that predictors of near misses and adverse events were markedly similar. Parameters that were significantly related to both near misses and adverse events were years of experience, frequency of night shifts, internal ward, and time pressure (p<0.05 for all). The present study suggested that there was a negligible difference between choosing near miss-or adverse eventbased analysis when identifying possible causes of adverse events in the medical field.
Introduction
Patient safety improvement is a high-priority issue of social import in many countries. While several previous studies have reported on the large number of people who are injured or die from medical errors, stricter countermeasures are yet needed to prevent error-induced patient harm and improve patient safety [1] [2] [3] .
Several terms have been brought into use to define outcomes occurring due to error in the medical field, with the two primary categories being "near misses" (also called as close misses or potential adverse events) and "adverse events" (also known as accidents or harmful events) 4) .
In industrial fields such as air and rail transport or nuclear power and chemical plants, systems have been developed to prevent unexpected accidents, involving voluntarily reporting and analyzing near misses (the term "accident" is typically used instead of "adverse event" in industrial fields) 5 ) . Heinrich's report 6) , which is often cited in the prevention of industrial accidents, indicates that near miss-based analysis and countermeasures against near misses are essential for implementing effective accident prevention. Such an approach emphasizing near misses is based on the concept that predictors of accidents and near misses are basically the same 7, 8) , and greater attention may be focused on near misses simply due to the fact that accidents occur much less frequently than near misses.
In the medical field, adverse-event studies, especially those that investigate frequency of deaths or serious injuries, have been performed. In most of these studies, occurrences of adverse events were detected by direct observation. Recent studies have reported that voluntary reporting provide more useful information regarding errors and their causes than information provided by direct observation and mandatory reporting 9, 10) . It has more recently been considered that focusing on near misses is more important in the medical field than focusing on adverse events, as in the industrial field 5, 11, 12) . Such an approach is based on evidence that near misses can be quantitatively analyzed given the abundant data available, the fact that resisters to data collection for near misses are fewer then for adverse events 13, 14) , and based on the hypothesis that the predictors of adverse events and near misses are similar.
To implement this approach, however, we must first ascertain that predictors of near misses and adverse events are indeed similar in the medical field. Most studies performed in the medical field thus far have evaluated the outcomes of either adverse events or near misses, and none have determined whether or not predictors of near misses and adverse events can strictly be considered similar 5) . Conditions differ between the medical and industrial fields; for example, certain preventive measures are more advanced in the industrial field, and frequency of adverse events (or "accidents") is actually much higher in the medical field.
The immediate purpose of the error analysis is to prevent adverse events. If a significant difference is observed in predictors between near miss and adverse event analysis, we must practice caution when emphasizing near miss analysis in the medical field. In this prospective study, in order to validate the utility of near miss-based analysis when identifying possible causes of adverse events in the medical field, we investigated whether or not predictors of near misses and adverse events were similar among nurses at teaching hospitals.
Methods

Participants and procedures
This study enrolled 1,860 registered nurses working at 5 teaching hospitals in Tokyo and Kanagawa, Japan.
Among the five hospitals, two hospitals (526 nurses and 353 nurses) had the same type of three-shift system that involve 8-h night work, and three hospitals (686 nurses, 161nurses and 134 nurses) had the same type of twoshift system that involve 16-h night work. Hospital climate with regard to safety and principles for medical error prevention was similar between hospitals. The five hospitals are teaching institutions and share safety provisions such as providing incident management systems and on-the-job education programs for incident prevention.
Hospital wards and outpatient departments are staffed by a senior nursing officer and one or two chief nurses. Senior nursing officers were excluded from the study because they were in charge of staff management and were not primarily involved in nursing care. Chief nurses were included in the study because they provided nursing care in addition to their management jobs. No other exclusion criteria were specified.
The objectives and procedures of this study were explained to the nursing director and senior nursing officer at each hospital, and the following information was provided to the nurses using a study information sheet: objectives and methods of the study, and notice of voluntary participation, no disadvantages of nonparticipation, an option to discontinue the study at any point. Informed consent was given on returning a selfreport questionnaire to the investigator.
The first self-report questionnaire was distributed to all nurses at five hospitals in November 2005. To link the first and second surveys, participants were instructed in the initial questionnaire to provide a self-defined four-digit ID number and a hint, should the ID number be forgotten, such as the name of the participant's junior high school. The questionnaire also inquired about the following potential predictors that have been reported to be significantly associated with medical errors [15] [16] [17] [18] [19] [20] [21] [22] : gender, age, years of nursing experience, number of drinking days per week, work place, presence or absence of a ward rotation in the previous six months, frequency of night shifts, frequency of sleepiness during work regardless of day or night shifts, highest severity of sleepiness assessed on the Stanford sleepiness scale during a day shift, frequency of feeling unskilled, job stressors in nursing, working conditions, and feelings of depression. Response choices regarding frequency of feeling sleepy during work or feeling unskilled were "no", "occasionally", "frequently", or "always". In the analysis, responses of "no" and "occasionally" were regarded as "no", while "frequently" and "always" were regarded as "yes".
The second questionnaire, distributed in May 2006, inquired about the participant's ID number or hint and the frequency of self-perceived near misses and adverse events experienced in the last six months. The participants had been instructed ahead of time to assess and record the number of near misses and adverse events during observation period. All reported questionnaires were sealed in individual envelopes before collection.
Approval to conduct the study was obtained from the Institutional Ethics Committees of Showa and Kitasato Universities.
Measurements
Definition of "near miss" and "adverse event"
In the medical field, a near miss is simply categorized as an error resulting in no harm to the patient 18) . In the present study, an error-related near miss was defined as an unanticipated incident in which an error was made but no harm occurred, and frequency was inquired about in the questionnaire as, "In the previous six months, how often did you experience a self-errorrelated near miss in which an error was made but no harm occurred to a patient?" An adverse event is generally defined as an injury related to medical management 23) . An adverse event caused by an error is known as a "preventable adverse event", to distinguish it from an unpreventable event such as an adverse reaction to an unknown drug 24) . In the present study, an adverse event was limited to a preventable adverse event and was defined as an unanticipated incident in which an error was made and harm occurred. Frequency of perceived adverse events in the previous six months was inquired about in the questionnaire as, "In the previous six months, how often did you inflict a self-error-related injury on a patient or disadvantage a patient, regardless of event severity?" Assessment of job stressors in nursing, working conditions, and depression Nursing-specific job stressors were evaluated using the well-known and widely implemented Nursing Stress Scale (NSS) [25] [26] [27] . Sources of stressors are comprised of seven subscales: death and dying, conflict with physicians, inadequate preparation, problems with peers and supervisors, workload, and uncertainty concerning treatment. In the present study, total NSS scores were used for analyses.
Working condition regarded as related to medical errors 16, 17, 19, 20, 22) was inquired about in the questionnaire as, "How often do you feel strong time pressure during work?" and, "How often do you feel a lack of communication among staff members, including all medical doctors and workers?" Response choices were "no", "occasionally", "frequently", or "always". In the analysis, responses of "no" and "occasionally" were regarded as "no", while "frequently" and "always" were regarded as "yes".
The nurse's workplace was either the outpatient department, internal ward, surgical ward, or emergency room/intensive care unit (ER/ICU). The internal ward included internal medicine, dermatology, neurology, and rehabilitation. The surgical ward included pediatrics, obstetrics, gynecology, ophthalmology, urology, otorhinology, anesthesiology (often many patients hospitalized for surgery in these wards), and all surgical departments (cardiovascular, gastrointestinal, respiratory, cerebral, orthopedic, and plastic surgery). The ER/ICU included the pediatric and neonatal intensive care units and the operating room.
Nurse depression was assessed using the Hospital Anxiety and Depression Scale (HADS) 28) . The HADS is a short self-report questionnaire comprising two subscales for anxiety and depression, each with a score between 0 and 21. While both the validity and cut-off point of the English-language version of the HADS have been previously evaluated 29) , the validity of the cutoff point has not been studied in the Japanese-language version. Therefore, the depression scores obtained from HADS in the present study were used directly.
Statistical analyses
A nurse who experienced both a near miss and an adverse event in the same observation period was regarded as having experienced an adverse event and were thus excluded from the near miss analysis. Therefore, the frequency of near misses was ultimately defined as the frequency of near misses reported by nurses who did not also experience adverse events. Given that frequencies of near misses and adverse events were not commonly normally distributed, we divided the frequency of near misses and adverse events experienced in the previous six months into tertiles before analysis.
Variables for multivariate analysis were determined by bivariable analysis with p value of less than 0.05. Categorical variables were analyzed by Fisher's exact test, and continuous variables by Dunnett's multiple comparison test. The tertiles of near misses and adverse events were used as ordinal dependent variables, and relationships with potential predictors were analyzed using ordinal logistic regression analysis with the generalized estimating equation with hospitals as the random effects. Akaike's information criterion (AIC) was selected for the final model. SPSS version 16.0 (SPSS Inc., Chicago, IL, USA) was used for analyses, and statistical significance was set at 0.05, with all tests two-tailed.
Results
Baseline self-report questionnaires were obtained from 1,815 of 1,860 nurses (97.6%), with no information available regarding the 45 nurses who did not respond to the baseline questionnaire. Of these 1,815 who responded to the baseline questionnaire, 1,788 (96.1%) responded to the second questionnaire. Of these 1,788 who responded to both questionnaires, the 1,737 (93.
Demographic characteristics of the study nurses are shown in Table 1 . Of the 1,737 nurses included in the final analysis, 1,649 (94.9%) were female, with a mean (SD) age of 29.0 (6.7) yr and 6.8 (6.2) mean years of experience. A total of 1,407 nurses (81.0%) worked on a rotation schedule including a nightshift. Of the 1,737 nurses, 865 (49.8%) experienced no adverse events during the 6-month observation period. These 865 nurses comprised 199 (23.0%) who experience no near misses, 280 (32.4%) who experienced 1 near miss, and 386 (44.6%) who experienced 2 or more near misses. The mean (SE) frequency of near misses for these 865 nurses was 1.85 (0.07). The calculated frequency of near misses was zero in the lowest tertile, one in the middle tertile, and two-or-more in the highest tertile.
The 1,737 nurses comprised 865 (49.8%) who experienced no adverse events, 441 (25.4%) who experienced 1 event, and 431 (24.8%) who experienced 2 or more events in the previous 6 months. The mean frequency (SE) of adverse events for six months was 1.00 (0.03). The calculated frequency of adverse events was zero in the lowest tertile, one in the middle tertile, and two-ormore in the highest tertile.
The results of bivariable analysis are shown in Table 2 . The parameters significantly related to near misses were age, years of experience, workplace, frequency of night shifts, lack of skill, time pressure, a lack of communication between medical staff, nursing stressors, and depression. The parameters significantly related to adverse events were the same as those for near misses, except for depression. No significant relationship ER, emergency room; ICU, intensive care unity; SD, standard deviation. 1) Assessed using the Stanford Sleepiness Scale.
2) Answered with "no", "occasionally", "frequently", or "always". "No" and "occasionally" were regarded as no, and "frequently" and "always" were regarded as yes.
3) Assesessed using the Nursing Stress Scale. 4) Assesessed using the Hospital Anxiety and Depression Scale.
was observed between frequencies of near misses and adverse events and gender, number of drinking days per week, recent ward rotation, and severity of sleepiness and frequency of feeling sleepy during work. The results of ordinal logistic regression analysis with dependent variables for near misses and adverse events are shown in Table 3 . Variables found to be significantly related to a near miss or adverse event by bivariable analysis were used as potential predictors. To adjust the effects of hospitals, the generalized estimating Depression, mean (SD) 4) 6.0 (3.5) 6.8 (3.9) 8.4 (3.9) <0.001 7.3 (4.0) 7.6 (4.4) 7.9 (4.1) 0.08 ER, emergency room; ICU, intensive care unity; SD, standard deviation. 1) Assessed using the Stanford Sleepiness Scale.
3) Assesessed using the Nursing Stress Scale. 4) Assesessed using the Hospital Anxiety and Depression Scale. CI, confidence interval; ER, emergency room; ICU, intensive care unity; SD, standard deviation. 1) Calculated in reference to the outpatient department.
equation was used with hospitals as the random effects. Age and years of experience were strongly correlated (Spearman's correlation coefficient=0.88, p<0.001).
Since a model using years of experience showed a lower AIC than one using age, we selected a model using years of experience as a potential predictor. The results of near miss and adverse event analyses were markedly similar. Parameters found to be significantly related to both near misses and adverse events were years of experience, frequency of night shifts, internal ward assignment, and experiencing time pressure. Feelings of depression were significantly related to near misses, whereas no significant relationship was seen between depression and adverse events. A lack of communication between staff was not related to near misses, although a significant relationship was seen between lack of communication and adverse events.
Discussion
In the present study, we investigated whether or not predictors of near misses and adverse events were similar among nurses at teaching hospitals. Analysis results showed strong similarities between predictors of near misses and adverse events among nurses working at teaching hospitals. These findings suggested a negligible difference between choosing near miss-or adverse event-based analysis when identifying possible causes of adverse events in the medical field.
Given the variation in predictors of near miss and adverse event, we used many variables as potential predictors in the study. As a result, years of experience, frequency of night shifts, assignment to the internal ward, and time pressure were found to be common predictors related to near misses and adverse events, findings which were comparable to those of previous reports.
Several studies have suggested that having fewer years of experience is significantly related to the rate of human error. A lack of experience often results in many stressors and an excessive workload due to a lack of knowledge or administrative ability, while extensive job experience may be related to the ability to detect an error at an early stage and thereby prevent an adverse event 15, 21, 31, 32) . Night shifts have been implicated in increasing errors due to fatigue and impaired circadian rhythm. Gold et al. conducted a cross-sectional study of nurses working in a large hospital and found that nurses working during the night often felt sleepy, and the frequency of such nurses administering the wrong drug was double compared to those working during the day 33) . Although a previous study indicated that working in a ward or the ICU is more apt to induce an error than working in the outpatient department 32) , we found that only the internal ward differed significantly from the outpatient department, the reason for which remains unclear. One possible explanation is that the hospitals involved in this study were teaching hospitals. Teaching hospitals typically contain more outpatients than general hospitals, and nurses in the outpatient department often had jobs related to education and research in addition to their routine outpatient department jobs. Such a workload has been associated with the lack of a significant difference observed between the outpatient department, surgical ward, and ER/ICU. Time pressure, likely due to the hectic work environment and lack of staff, has been suggested to reduce attention to work detail and diminish quality of care, thereby potentially inducing errors 34) .
Several limitations to generalization of results from our study warrant mention. First, in the present study, the numbers of near misses and adverse events were not counted by interview or objective observation, but were instead self-reported on an anonymous basis. Although some measurement bias may have occurred, we chose this approach because incident reporting in hospitals has historically been undervalued 35) . In contrast, anonymous reporting (particularly with regard to near miss reports) has been found to induce a significant increase in the rate of reported medical errors 36) , and nonpunitive, confidential voluntary reporting programs provide more useful information regarding errors and their causes than information provided by mandatory reporting programs 9, 10) . Second, a six months period was too long for the participants to recall the number of near misses accurately. However, to avoid period effect, we investigated near misses and adverse events in the same observation period. Although the participants were instructed to check and record the number of the near misses and adverse events during observation period, some recall bias may have occurred. In the present study, the frequencies of near miss and adverse events were relatively low. We suspected that recall bias might have caused the underreporting.
Third, participants were nurses working in teaching hospitals and had younger mean ages than most other hospitals, as is common in Japan. Further, some nurses performed additional jobs unrelated to the routine jobs of nurses working in a general hospital, possibly contributing to selection bias. Fourth, we did not inquire about working hours, which are thought to be strongly related to incident occurrence. However, given data showing that two of the study hospitals had an administrative policy in place to reduce overtime (defined as working more than 40 h per week) to less than 20 h per month, we determined that no significant differences existed between the hospitals with respect to working hours and that total working hours per month fell between approximately 160 and 180 h. Fifth, we collected no information regarding the type (for example, error of wrong prescription) or degree of near misses and adverse events. Our investigation into frequency and severity of sleepiness experienced at work using a self-report questionnaire may have been unsatisfactory.
In the present study, predictors of near misses and adverse events among nurses working at teaching hospitals were similar. These findings suggested a negligible difference between choosing near miss-or adverse event-based analysis when identifying possible causes of adverse events in the medical field. To generalize our findings, further studies with a wide range of workers in many different fields are necessary.
